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Abstract The study was aimed at assessing the dynamics of
land conversions for urban development and their impact on
environmental planning in addition to assessing the character-
istics of urban sprawl in Mbarara Municipality. To determine
the dynamics of land conversion for urban development in
Mbarara Municipality since 1984, Landsat images for the
years 1984, 1999, and 2014 were classified using multi-
spectral classification techniques to enable the creation of land
cover maps. Population and built-up area density were used as
a measure of sprawl for Mbarara Municipality. The built-up
area had increased by 107 % between 1984 and 1999 and by
37 % between 1999 and 2014 while the overall growth of
built-up area between 1984 and 2014 was found out to be
182 %. This variation in growth is attributed to the introduc-
tion of environmental controls and policies that largely
checked the rate of growth between 1999 and 2014. The over-
all growth has affected the size of the area covered by other
land uses which were seen to greatly fluctuate over the years.
The characteristics of urban sprawl in Mbarara Municipality
typically depict strip, cluster, and leapfrog sprawl. Based on
the Organizat ion for Economic Cooperat ion and
Development (OECD) sprawl index, Mbarara Municipality
was found to have sprawled at a rate of 7.7 % between 1984
and 1999 and −7.6 % between 1999 and 2014. The overall
sprawl rate between 1984 and 2014 was −4.3 %. The study
suggests that smart growth strategies, upholding zoning prac-
tices and the enactment of laws to check illegal land conver-
sions are important to check sprawl.
Keywords Moran’s I . Sprawl . Sprawl index . Built-up
density . Remote sensing . Average nearest neighbor
Introduction
The concept of urban sprawl is usually associated with the
uncontrolled expansion of urban areas into the surrounding
countryside, forming low-density and poorly planned patterns
of development. As a product of the industrial revolution, it
dates back to the nineteenth century when an expanding mid-
dle class in America started moving activities away from cen-
ters of growth due to pollution and overcrowding (Bruegmann
2005). In its path, urban sprawl involves the loss of rural land
at the periphery of a city and consumes immeasurable acres of
forests, farmland, woodlands, and wetlands (Pathan et al.
1991). As cities expand rapidly, the rural-urban fringe be-
comes a zone of interaction where urban and rural forces meet
resulting into competition for land and other natural resources
between newcomers and old communities (Beesley 1993).
Urban sprawl is closely linked with the concept of per capita
land consumption explained as a measure of how thinly or
thickly a population is spread across a given area of land
and this in turn determines its population density (Beck et al.
2003). The increasing population is a great contributing factor
towards urban sprawl. This involves the conversion of open
space or rural land into built-up, developed, or urbanized
land over time. Other scholars argue that urban sprawl is
development that is basically chopped-up, spread-out, seg-
regated, low-density and is characterized by automobile de-
pendent development (Rowley 2001). This situation is also
known as horizontal spreading or dispersed urbanization
and is associated with a scattered population of low density
living in separate residential areas, with poor access, often
over-dependent on motorized transport and missing well-
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defined centers of commercial activity (UNICEF 2012). In
Africa, urban sprawl gradually manifested itself during the
colonial era when towns or centers of growth were clearly
marked along racial and occupational lines with the
Europeans occupying suburban neighborhoods in contrast
to the African zones that were located in peripheral and
segregated neighborhoods (Kaplan et al. 2004). The gradual
withdrawal of this era saw a tremendous rise of urban cen-
ters due to increasing population of Africans moving to-
wards these already established centers of growth. Today,
urban sprawl continues to be a big challenge to urban de-
velopment because of its great impact on the environment.
This study attempts to assess the temporal and spatial pat-
terns of urban sprawl and their implications on environmen-
tal planning in Mbarara Municipality.
Data and methods
Study area
Mbarara Municipality is located about 266 km from Kampala
city on Kampala-Kabale highway. It is one of the 22 munici-
palities that exist in the current urban administrative structure
of Uganda. It is composed of three main administrative divi-
sions with an estimated population of over 85,000 people
(Ssengendo 2013). These divisions are Kamukuzi, Kakoba,
and Nyamitanga (Figs. 1 and 2). Each of these has two wards:
Kamukuzi division with Kamukuzi and Ruharo wards,
Kakoba division with Kakoba and Nyamityobora wards, and
Nyamitanga division with Katete and Ruti wards (Kabenge
and Mfutumkiza 2013). These three divisions occupy a total
area size of about 5147 ha. Nyamitanga division shares the
biggest portion in terms of geographical extent covering
2229 ha, followed by Kamukuzi covering 1610 ha and
Kakoba covering 1308 ha (UN Habitat 2012). Attempts are
being made by the municipal council to be elevated to city
status and if successful, this would result into the incorpora-
tion of the current sub counties of Kashari and Rwampara
(Muneza 2014). The municipality generally lies at an average
altitude of 1432m above sea level and is characterized by hilly
areas separated by short, small, and shallow valleys. Due to
the nature of its climatic elements such as average precipita-
tion and temperature of 1125 mm per year and 25 °C, respec-
tively, vegetation is mainly open savannah grass which is, in
some places mixed with woodland (UN Habitat 2012).
Figures 1 and 2 show the location of Mbarara Municipality.
Determining the dynamics of land conversions for urban
development
Landsat satellite imagery scenes corresponding to Path 172,
Row 060 encompassing Mbarara Municipality for the years
1984, 1999, and 2014 were obtained from the US Geological
Survey website (www.usgs.glovis.gov). The period between
1984 and 2014 was selected as it was largely characterized by
a conducive political atmosphere and was thus assumed to
have encouraged steady urban growth in Mbarara
Municipality as compared to the previous years. The year
1999 was selected as it was a good basis for the assessment
of urban development in Mbarara Municipality between 1984
and 2014. Landsat images were used as they are of high-
quality and with multi-spectral content of the surface of the
Earth. The characteristics of these images are presented in
Table 1.
Using the Arc GIS 9.3 software, the image for 1984 was
resampled to a 30-m resolution to ensure uniformity with the
images of 1999 and 2014 each obtained at a 30-m resolution.
This was done to reduce the geometric discrepancies as
Landsat multi-spectral scanner images namely Landsat 1–3
and Landsat 4–5 have a resolution of 60 m (Baboo and Devi
2010). False color composites of these images were created by
combining bands 5,4,3 for the image of 2014, bands 4,3,2
were used for the image of 1999 and 1,2,4 for the 1984 image
(Fig. 3) (http://landsat.usgs.gov/L8_band_combos.php). The
color composites for each image were then over laid with
the Mbarara Municipality shape file. The study area was
derived from each of the three images for each of the three
years namely 1984, 1999, and 2014.
Classification was done for each color composite in which
six clusters were chosen and then classified by maximum
likelihood. The assignment of classes was done by choosing
different colors to represent the given land cover types. This
was guided by a 2012 high-resolution panchromatic ASTER
image as well as Google Earth historical imagery. Basing on
the classes provided in the 2001 Uganda land cover map pro-
duced by the National Biomass study, six classes were derived
to represent major land cover types in Mbarara Municipality
(Fig. 4). These included the following:
1. Built-up, which was used to represent commercial and
residential housing structures as well as tarmacked roads.
2. Forest represented trees in large numbers or a collection of
trees.
3. Swamp was used to represent papyrus vegetation and
swamps and wetlands.
4. Grassland was used to represent green belts or spaces and
bushes.
5. Bare land was used to portray areas covered by sand or
soil.
6. Cropland represented land under cultivation.
A total of 60 random points in the study area were
established and visited using a GPS receiver as part of ground
truthing to ascertain their classification classes. Classes gen-
erated for the classified images of 1999 and 1984 were
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ascertained with reference to Google Earth historical imagery
and then classification error matrices developed to assess the
accuracy of classification using 60 random points. In confor-
mance with standard accuracy assessment techniques, an error
matrix was produced and used to compute user’s accuracy,
producer’s accuracy, and overall accuracy for the 2014 image
classification. In addition, for each classification, kappa statis-
tic (K) as given by Eq. 1 was computed to determine the
significance of the accordance between each of the classifica-





Observed = Overall value for percent correct and
Expected = Estimate of the contribution of chance agree-
ment to the observed percent correct.
The reliability of each of the computed kappa statistic was
determined by use of a Z score in Eq. 2 based on kappa var-
iance using equation given by Congalton and Green (1999).
Z ¼ K
√var Kð Þ ð2Þ
Where:
K = kappa statistic
The total number of pixels occupied by each class was con-
verted to hectares for easy interpretation. Given that the Landsat
images obtained were at a resolution of 30 m, each pixel was
taken to represent an area of 900 m2 (Shermeyer and Haack
2015). This wasmultiplied by the total number of pixels covered
by the entire municipality for each year and the product convert-
ed to hectares. This was done for each year for all the classes.
The percentage coverage of each class was also calculated.
Slight variations in the total number of pixels of Mbarara
Municipality for each year came about as a result of differ-
ences in characteristics of sensors used to obtain each of the
images over the given period (Paolini et al. 2006).
The dynamics of land conversions for urban development
for 1984 to 1999 and 1999 to 2014 were detected by the use of
raster-based relational operational tools. The actual area of
new built-up areas was calculated by converting the area cov-
ered by pixels to hectares. These new output maps were over-
laid with the 1984 and 1999 land cover maps so as to make it
possible to identify the different types of affected pre-existing
land cover. They were then combined with the raster maps for
the 1999 and 2014 land cover respectively to determine the
extent to which each land cover was affected.
Characterizing urban sprawl
In order to assess the characteristics of sprawl, data was col-
lected on built-up area, population, and settlement patterns for
the respective divisions in Mbarara Municipality. A thorough
review of documents related to urban growth, population, and
settlement for Mbarara Municipality was done. Other sources
of data included the local authorities, such as Mbarara
Municipal Council, as well as the Mbarara Local
Government offices. Geographical information system
Fig. 1 Mbarara Municipality
Base map
Appl Geomat (2016) 8:201–216 203
techniques were used to analyze and study the direction of
sprawl in Mbarara Municipality since 1984. Layers of
Mbarara Municipality built-up area for the years 1984, 1999,
and 2014 were integrated with the Mbarara Municipality
shape file to enable the study of the spatial and temporal pat-
terns of sprawl. A layer of both major and secondary roads in
MbararaMunicipality was also used to study the interaction of
built-up areas along the road network. In accordance with
literature on sprawl, attempts were made to estimate a sprawl
index. The OECD (Organization for Economic Cooperation
and Development) sprawl index was used to statistically
assess the compactness and interaction of the built-up area in
Mbarara Municipality with its population. The OECD equa-
tion was used as it was found most suitable for calculating the
increase in the area of urbanized land over time relative to
changes in population as well as change in the gross density
of the urbanized area (Burchfield et al. 2006). Moreover, this
equation is in accordance to Ewing et al. 2002, Fulton et al.
2001, Galster et al. 2001, as it is important in determining how
efficiently land is being used is to determine whether the rate
of growth of the urban area exceeds the rate of growth in
population or dwelling units. Some researchers use this
Fig. 2 Study area
Table 1 Characteristics of
Landsat images Sensor Resolution Projection Date acquired Cloud cover
Landsat 4–5 MSS 60 m UTM WGS_1984 21/02/1984 Less than 10 %
Landsat 7 30 m UTM WGS_1984 31/12/1999 Less than 10 %
Landsat 8 OLI 30 m UTM WGS_1984 07/02/2014 Less than 10 %
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measure to establish whether a region is Bsprawling^ or not.
The OECD sprawl index according to Brezzi and Veneri










t = initial year,
t + n = final year,
urb = built-up area in square kilometers
pop = total population of the area.
The urbanized land was computed as land covered by pri-
vate and commercial buildings, infrastructure, and major
transportation infrastructure.
The result from the OECD sprawl index is interpreted in
three ways:
1. It is equal to zero when both population and built-up area
are stable over time.
2. It is bigger than zero when the growth of built-up area is
greater than the growth of population; thus, the density of
the metropolitan area has decreased. This means that the
area is experiencing sprawl.
3. It is lower than zero when the growth of built-up area is
smaller than the growth of population; thus, the density of
the built-up area has increased. This means that the area is
not experiencing urban sprawl.
The rate of growth of the built-up area of Mbarara
Municipality between 1984 and 1999 and 1999 and 2014
was used to determine the trend and type of growth that had
been experienced during this period.
The direction of growth in Mbarara Municipality was de-
termined using spatial statistics where a point layer generated
from the combination of layers of built-up areas for the years
1984, 1999, and 2014. The standard deviation ellipse was
derived for the combined built-up areas from 1984 to 2014.
Fig. 3 False color composites
Fig. 4 Classified land cover maps
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If the features are normally distributed, the ellipse covers ap-
proximately 68 % of them in the pattern (O’Sullivan and
Unwin 2003). The value in the rotation field represented the
rotation of the long axis measured clockwise from noon.
The characterization of linear patterns of sprawl was done
by the creation of buffers measuring 100 m along transport
routes.
A scatter plot graph was generated to illustrate the built-up
density patterns from the main municipality center using
values from the combined built-up raster map of years 1984,
1999, and 2014 basing on methods attributed to Murayama
(2011). The understanding of spatial patterns of built-up den-
sity was essential for the discovery of sprawling tendencies in
Mbarara Municipality with reference to distance from the
main municipality center. According to Knaap et al. (2005),
the distance to the central business district or main center is
among the measures of sprawl under accessibility.
Further investigation on sprawl was done with the aid of a
built-up density map for Mbarara Municipality encompassing
the years 1984, 1999, and 2014. The kernel density was cal-
culated using a search radius of 500 m2 and a cell size of 30.
The classes of the density map were then classified into three
categories: Bhigh, medium, and low^ as follows (Table 2).
This was done in accordance to methods used by Zhou
(2015) to delineate built-up areas.
The identification of both low-density development or
cluster and leapfrog sprawl and the extent at which they were
being experienced inMbarara Municipality was done with the
use of the use of spatial statistics tools particularly, BMoran’s
I^ and Baverage nearest neighbor.^ The nearest neighbor in-
dex is expressed as the ratio of the observed distance divided
by the expected distance. The expected distance is the average
distance between neighbors in a hypothetical random distri-
bution (Ojima and Hogan 2008).
If the index is less than 1, the pattern exhibits clustering and
if it is greater than 1, the trend is towards dispersion. This was
calculated using the average nearest neighbor function under
the spatial statistics tools.
The average nearest neighbor uses distance relations while
Moran’s Imeasures spatial autocorrelation based on attributes,
that is, the measure of how close objects are in comparison
with other objects. In technical terms, Moran’s I is a measure
of global spatial autocorrelation, an indication of whether sim-
ilar values of a particular variable are closer together in space
(Moran 1948).
Given a set of features and an associated attribute, Moran’s
I evaluates whether the pattern in a specified region is
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expressed as clustered, dispersed, or random. Avalue of close
to −1 indicates an evenly distributed pattern, whereas a value
closer to +1 indicates significant clustering. A value of 0 indi-
cates a random spatial distribution (Burchfield et al. 2006).
Values from the Moran’s I were calculated using spatial
autocorrelation under the statistics tool in Arc GIS 9.2 with a
distance band or threshold distance 500 m. This distance was
selected as a rough estimate of the minimum walkable dis-
tance between neighborhoods.
Results
Figures 3 and 4 show false color composites and land cover
maps generated for Mbarara Municipality for the years 1984,
1999, and 2014.
The producer’s, user’s, and overall accuracy values as well
as the kappa and Z scores were presented in Table 3.
The patterns of land cover change from 1984 to 1999 and
2014 and the overall land conversions for each cover type in
Mbarara Municipality were calculated and presented in
Table 4.
The built-up area of Mbarara Municipality has expanded
since 1984 with the year 2014 experiencing the highest per-
centage of built-up areas. Its area coverage has risen from
5.06 % in 1984 to 10.4 % in 1999 and 14.3 % in 2014. This
puts the percentage growth rate of the built-up area ofMbarara
municipality since 1984 at 6.2 % per annum gaining 1.83 ha
each year.
The status of forest cover in Mbarara Municipality since
1984 has seen fluctuations in its percentage coverage. In 1984,
Mbarara Municipality had total forest area coverage of
15.4 %. This percentage rose by 4 to 19.3 % in 1999.
However, it dropped by 9.3 % between 1999 and 2014 and
currently, forests inMbarara Municipality occupy just 10% of
the total land cover and lose 1.1 % equivalent to 0.4 ha per
year.
The percentage cover of swamps in Mbarara Municipality
has been fluctuating since 1984. Swamps occupied 17.4 % of
the total land cover in 1984. Their percentage cover dropped
between 1984 and 1999 by 9.4 to 12.5 % in 1999. However,
their coverage increased in the period between 1999 and 2014
and is currently at 23.6 % and is growing at a rate of 1.2 % per
year.
The percentage cover of bare land inMbarara Municipality
has dropped since 1984 when it covered 21.6 %. This number
reduced to 14.3% in 1999 and dropped further to 6 % in 2014.
Bare land has been losing an area equivalent to 2 % per year
since 1984.
Table 4 Land conversions for urban development in Mbarara Municipality for the years 1984, 1999, and 2014
Built-up Forest Swamp Bare land Cropland Grassland Total
1984 Hectares 229.23 696.15 788.22 981.45 643.23 1187.73 4526.1
% 5.06 15.4 17.41 21.68 14.21 26.24 100
1999 No. of pixels
Hectares 473.67 878.22 570.06 676.46 797.76 1095.39 4527.36
% 10.46 19. 4 12.59 14.3 17.62 24.19 100
2014 No. of pixels
Hectares 648.45 454.32 1071 275.13 1001.61 1077.3 4527.81
% 14.32 10.03 23.65 6.076 22.12 23.79 100
Change 1984–1999 Ha 2715 9062 −218.22 −334.99 8220.77 −92.34 1.26
% 5.4 4 −4.82 −7.38 3.41 −2.05
1999–2014 Ha 174.78 −423.9 500.94 −401.33 203.85 −18.09 0.45
% 3.86 −9.37 11.06 −8.224 4.5 −0.4
1984–2014 Ha 419.22 −241.8 282.78 −706.32 358.38 −110.43 1.71
% 9.26 −5.37 6.24 −15.604 7.91 −2.45
Change per annum 1984–2014 Ha 1.83 −0.35 0.35 −0.71 0.6 −0.09
% 6.2 −1.1 1.2 −2.3 1.9 −0.3
Table 5 Land converted to built-up areas in Mbarara Municipality
1984–1999 1999–2014
Land cover Hectares Percentage Hectares Percentage
Grassland 330 36 83 10.9
Swamp 97 13 183 24.2
Bare land 200.07 24 202 26.71
Cropland 135.45 17 36 4.7
Forest 82.62 10 252.09 33.34
Total 844.56 756.09
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Cropland in Mbarara Municipality has risen since 1984
when it occupied 14.21 % of the total land cover. It increased
by 3.41 to 17.6 % in 1999 and further increased to 22.1 % in
2014. Cropland expanded at a rate of 1.9 % or gained 0.6 ha
between 1984 and 2014.
Grassland in Mbarara Municipality has continued to de-
crease over the years as it occupied up to 26.24 % of the total
land cover in Mbarara Municipality in 1984. However, this
percentage dropped as grassland only comprised of 24.1 % of
the total land cover in 1999. It further dropped to 23.7 % in
2014 putting the percentage loss of grassland in Mbarara
Municipality at 0.3 % from 1984 to 2014.
Land covered by built-up areas has risen gradually from
229.3 ha in 1984 to 648.45 ha in 2014. This rise has without
doubt affected the area covered by other cover types over
these years (Table 5). Figures 5 and 6 illustrate the extent to
which land conversion for urban development particularly
built-up area in Mbarara Municipality has replaced pre-
existing land cover of 1984 and 1999.
Characteristics of sprawl patterns in Mbarara
Municipality
This section presents the characteristics of sprawl in Mbarara
Municipality including its rate, its forms, and its major indi-
cators. For this study, the urbanized area was considered to be
land covered by both private and commercial buildings, social
infrastructure such as hospitals and schools as well as
tarmacked roads. Estimates of the population statistics for
the three divisions were obtained from the Mbarara
Municipal council planning unit and summed up to obtain
the total population for 1984, 1999, and 2014. The sprawl
Fig. 5 Land affected by new
built up areas by the year 1999
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index was then used to calculate the sprawl rate between 1984
and 1999, 1999 and 2014 and the overall sprawl rate of
Mbarara Municipality between 1984 and 2014 as well as the
per capita land consumption (Table 6).
Characteristics of sprawl
The standard deviation ellipse created by the directional dis-
tribution tool was essential in showing the general location of
the pattern and directional trend of urban growth in terms of
built-up features for Mbarara Municipality (Fig. 7).
The ellipse generated for the built-up area of Mbarara
Municipality as shown in Fig. 7 was oriented to the north east
direction. This therefore shows that Mbarara Municipality has
majorly been growing towards the north east direction namely
Kakoba division since 1984.
More still, analysis of the built-up areas over the years re-
vealed that the growth patterns ofMbararaMunicipality tend to
follow roads (Fig. 8) in many areas. The buffers created show
Fig. 6 Land affected by new
built-up areas by the year 2014
Table 6 Sprawl rate of
Mbarara Municipality Year Hectares Square
kilometers




1984 229.23 2.3 28,720 0.01
1999 473.67 5 60,235 0.01 7.6 −7.7 −4.3
2014 648.45 7 89,000 0.01
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that developments since 1984 have continued to occur within
100m of the road radius. This form of development is evidence
that Mbarara Municipality is experiencing strip sprawl where
development occurs on both sides of major roads.
Figure 9 shows the spatial distribution of built-up density of
MbararaMunicipality since 1984 to 2014 in square kilometers as
it appears across a distance of 6.45 km. The size of the built-up
area is seen to fall as the distance from the main center increases.
This spatial pattern of built-up density is evidence of the
sprawling nature of development in Mbarara Municipality.
The distribution of the density of built up areas in Mbarara
Municipality is further illustrated in Fig. 10 using three thresh-
olds: low, medium, and high.
High-density areas in Mbarara Municipality were found
within 44,474 to 66,709 m2. Medium-density areas appeared
within 22,238 and 44,473 m2 while the built-up areas of low-
density occupied between 0–22,237 m2.
With visual analysis and interpretation of Figures 9 and
10, it was revealed that there is not a single city center in
Mbarara Municipality as it is polycentric given by the
number of high-density areas as shown in both figures.
It also revealed that the spatial pattern of built-up areas
in the municipality was highly disconnected or disjointed
in many parts. These findings were used as a basis to
conclude that Mbarara Municipality was experiencing both
leapfrog and cluster sprawl. Low- and medium-density
areas were classified as areas experiencing leapfrog
sprawl.
The nature of leapfrog development was revealed with the
calculation of the average nearest neighbor under the spatial
statistics tool in Arc GIS 9.2 in which the nearest neighbor
ratio was 1.649138. This translates to a form of urban devel-
opment that tends towards dispersion. Leapfrog development
is basically of low density and on the periphery of existing
urban areas. An example of this type of sprawl encircled be-
low in Mbarara municipality was taken from Ruharo ward in
Kamukuzi division (Fig. 11)
Given the number of high-density patches of built-up
areas in Figs. 9 and 10 and the calculation of Moran’s I
statistic found to be at 0.91, it can be concluded that since
this score is so close to +1, it reveals a clustering nature of
urban development in Mbarara Municipality. Cluster devel-
opment or sprawl is associated with clustered areas that are
mostly located long distances away from the main commer-
cial areas. These are mostly well-planned residential areas
which are of high density in themselves but located far away
Fig. 7 Direction of growth
210 Appl Geomat (2016) 8:201–216
from the main central business areas (CBA). It is further
understood as a scattered or discontinuous form of urbani-
zation with disjointed and isolated patches of high-density
urban growth.
An example of clustering encircled, in Mbarara Municipality,
was obtained from Ruharo ward in Kamukuzi division as given
in Fig. 12
Discussion
Land conversion refers to the changing of the status of land
from one use to another. Land cover is influential in determin-
ing which land use types are suitable for a particular area. In
Mbarara Municipality, different land cover types have been
used for different land uses since 1984, and therefore, cover























Distance from main municipalitycenter (km)
Fig. 9 Distance from the main
municipality center
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types have been changing from one type to another. As a result
of this interaction of land uses, Mbarara Municipality has seen
losses and gains in different land cover types over this period.
Mbarara Municipality built-up area grew by 107 % between
1984 and 1999 and 37% between 1999 and 2014. The overall
percentage growth of the built-up area of Mbarara
Municipality from 1984 to 2014 was 187 %. It can therefore
be concluded that these losses and gains are greatly attributed
to Mbarara Municipality’s built-up area over this 30-year pe-
riod. Results showed that the built-up area in Mbarara
Municipality has expanded significantly since 1984 and this
has come at the expense of all other cover types in Mbarara
Municipality which over time lost a total of 1600.65 ha of
cover area between 1984 and 2014 (Table 5).
However, this has not been the only factor behind land
cover change in Mbarara Municipality. The continued inter-
action of land uses with each other was another contributing
factor to land conversion. Increased population over the years
and associated human activities also led to significant land-
scape alterations where forests, wetlands, grasslands, and oth-
er wilderness areas came to be replaced with farms, pastures,
factories, stores, businesses, roads, and streets (Cowden et al.
2006). The gradual rise in population between 1984 and 1999
(Table 6) saw a significant rise in the built-up area of Mbarara
Municipality. This corresponding rise in built-up area was as a
result of the need for settlement and an increase in commercial
activities.
One of the most effective methods used in monitoring land
cover changes is remote sensing. The accuracy of this method
in studying land cover changes in Mbarara Municipality was
determined by the kappa coefficient where a score ranging
from 0.7 to 0.83 was considered a reliable representation of
what is on ground (Congalton and Green 1999).
Spatial and statistical analysis tools namely Moran’s I sta-
tistic and nearest average neighbor were influential in exam-
ining the nature of built-up features for the years 1984, 1999,
Fig. 10 Mbarara Municipality
built-up density
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and 2014 and thus determining the direction and types of
sprawl experienced in Mbarara Municipality.
The trend of growth of built-up area of Mbarara
Municipality from 1984 to 2014 is similar to the that experi-
enced by Bhubaneswar city which is one of the fast growing
cities in India, whose growth in built-up area between 1998 and
2005 affected many forms of land cover such as agricultural
area, vegetation, and vacant or bare land in the periphery (Naik
et al. 2013). A polynomial type of growth as experienced by
both urban centers explains uneven growth rates in built-up
areas for different years. A fall in growth rate between 1999
and 2014 for Mbarara Municipality meant a fall in built-up
density, a characteristic of urban sprawl given by Rowley
(2001). To assess this, the OECD sprawl index was found most
appropriate to measure the rate at which Mbarara Municipality
was sprawling give the availability of data on both population
and built-up density for the years 1984, 1999, and 2014.
With a growth in population by just 31,515 people from
1984 and a growth in built-up area by about 2.7 km2, Mbarara
Municipality was experiencing sprawl in 1999 as the rate at
which the built-up area was growing was greater than that of
population; thus, the density of the urban area was low. A
score of 7.6 % on the OECD sprawl index means that
Mbarara Municipality ranked almost the same as cities found
in Estonia and Portugal which scored 9.1 and 6.5 %, respec-
tively (OECD 2013). Urban sprawl has been known to be a
severe problem in both these countries for a long time (Couch
et al. 2007).
The sprawl index score of −7 % between 1999 and 2014 is
explained by the fact that the municipality saw an increase in
its population by 47.5 % contrary to the size of built-up area
that grew by just 3.86 %. This means that during this period,
the municipality was not experiencing urban sprawl.
According to OECD 2013, countries whose average cities’
sprawl index score is closest to −7 % are UK whose score
was −4.4 % and Norway which scored −8.5 %. The nature
of urban sprawl in the cities of these countries is not so severe,
for example, among the cities in Europe, Norway’s cities are
among the leading examples of concentrated and compact
urban development (Næss and Strand 2012). Thus, a score
towards −8.5 % is a great indicator that Mbarara
Municipality had to a greater extent overcome the urban
sprawl issue between 1999 and 2014.
However, an overall urban sprawl index score of −4.3 %
does not necessarily mean that Mbarara Municipality has
completely become free of sprawl since 1984 as the nature
Fig. 11 Leapfrog sprawl
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of sprawl in Mbarara Municipality during this period can
closely be related to some cities in countries such as
Belgium that scored an average of −4.3 % but still experienc-
ing urban sprawl. However, much improved planning policies
were introduced in Belgium through passing laws and intro-
ducing counter sprawl developments that had characterized
preceding years (Decker 2011), sprawl is still evident in
Belgian cities like Flanders. More still, cities in Switzerland
which scored an average of −4.2 % are losing a total land area
equivalent to 12 football pitches to sprawl everyday according
to Pauchard (2012). More so, an average per capita land con-
sumption of 0.01 ha equivalent to two football pitches is a
good indicator of how much land was consumed by urban
sprawl in Mbarara Municipality between 1984 and 2014.
The OECD sprawl index was therefore able to give an
insight into how much land Mbarara Municipality has been
losing to sprawl since 1984 but may not conclusively explain
this using the index score.
According to Wilson and Chakraborty (2013), one of the
most common approaches to defining sprawl is to focus on its
physical characteristics as a particular pattern of development.
As revealed in Fig. 7, most of the built-up area in Mbarara
Municipality is in Kakoba division as this has been the direc-
tion growth patterns since 1984. The continued expansion of
the built-up area in Kakoba division has largely influenced
fragmentation of built-up density and uneven growth in other
divisions most especially Nyamitanga. As a result, develop-
ment further away from Kakoba has been characterized by
low densities and increased distance from the main CBA
(Fig. 9) as well as dispersion all of which are incentives to
continued sprawling inMbarara Municipality. This dispersion
and fragmentation has encouraged an exponential trend of
growth of the built-up area in Mbarara Municipality. An R
squared value of 0.35 means that the size of built-up area to
some extent tends to decrease as the distance from the main
CBA. This is a good indicator of the relationship between the
size of the built-up area and the distance from the center given
that a study done by MacDonald and Prather (1994) on sub-
urban employment centers in Chicago obtained R squared
values ranging from 0.258 to 0.336 to relate employment den-
sity to the distance to the CBD.
The nature of urban sprawl in Mbarara Municipality is ma-
jorly in three forms, strip, leapfrog, and cluster. Spatial statistics
clearly reveal the extent of low densities of built-up areas and
dispersion and therefore classifying Mbarara Municipality as
generally experiencing cluster sprawl as explained by its
Maron’s 1 score of 0.91. The average nearest neighbor ratio
score of 1.65 also indicates leapfrog development.
Fig. 12 Cluster sprawl
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Strip development in Mbarara Municipality has gradually
developed since 1984 and is attributed to the need to extend
services to areas further away from the CBA and as a result,
land along roads tends to avail opportunities for commercial
activities. This explains the existence of this type of sprawl in
Mbarara Municipality.
Conclusions
The continued trend of land cover change and conversion in
Mbarara Municipality is largely attributed to the growth in the
size of the built-up area by 187 % between 1984 and 2014.
Land cover changes were quantified with the use of statistics
obtained from land cover maps generated through remote
sensing.
Although remote sensing was largely successful in detect-
ing and studying land cover changes in Mbarara Municipality
between 1984 and 2014, it cannot be heavily relied on as
different images from different time periods possess different
characteristics and this makes it harder for image interpreta-
tion and easier for errors to occur.
The use of geographical information systems was also very
essential in its role towards visualizing, quantifying, and clas-
sifying sprawl in Mbarara Municipality as strip, leapfrog, and
cluster development.
Recommendations
Land cover conversions brought about by the rise in popula-
tion and growth of commercial activities in the municipality
should be checked by taking zoning practices seriously by
planning authorities in Mbarara Municipality to regulate land
use practices so as to check illegal land conversions. Although
the structural plan of Mbarara Municipality 2007–2017 sets
aside areas for different land uses, for example, residential,
commercial, recreational, and agricultural areas, it has not
stopped land conversions as built-up areas keep coming up
in areas set aside for different uses.
Creation of self-sufficient local communities with adequate
densities so as to ensure more efficient use of urban spaces is
necessary. This can be done through advocating for high den-
sity of built-up areas with a variety of land uses. This is essen-
tial in combatting low-density urban sprawl as it also helps
increase the size of the commercial areas of CBAs. High-
density developments can also be promoted through Bhigh
rise^ and Burban fill^ to reduce the geographical expansion
of the municipality and encourage compactness. This should
be done especially in the fringe areas and in parts such as
Kamukuzi with low density. High per capita land consump-
tion in Mbarara Municipality which was at 0.01 ha by 2014 is
one of the major reasons for urban sprawl. This is as a result of
high cost of land in already built residential areas or
congestion that leads to the movement of people away from
CBAs. High per capita land consumption can however be
overcome by encouraging settlement in affected areas which
can be done through the extension of social services such as
water and electricity as well as roads. This would increase
settlement and in turn reduce per capita land consumption in
these areas.
One of the most common types of sprawl in Mbarara
Municipality is strip development. Therefore, the road net-
work in Mbarara Municipality must be used in the best suit-
able way to discourage any form of sprawl as it can encourage
compact growth of densities in low-density areas. The con-
centration of the road network in a designated area of growth
limits the unplanned expansion tendencies that the municipal-
ity might take.
More still, Mbarara Municipality still has the potential to
expand into parts of Nyamitanga and Kamukuzi that are large-
ly characterized by low built-up densities. The re-direction of
growth towards these areas would be a great effort in the fight
against urban sprawl in Mbarara Municipality.
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